Background: The skeletal muscle mass of the lower limb plays a role in its mobility during daily life. From the perspective of physical resources, leg muscle mass dominantly decreases after the end of the fifth decade. Therefore, an accurate estimate of the muscle mass is important for the middle-aged and older population. The present study aimed to clarify the validity of ultrasound muscle thickness (MT) measurements for predicting leg skeletal muscle mass (SM) in the healthy Japanese middle-aged and older population.
Background
Age-related loss in leg skeletal muscle mass (SM) accelerates after the end of the fifth decade [1] . This links to the greater influence of aging in the strength capability of the lower compared to the upper limb muscles [2] [3] [4] , and consequently, to the augmentation of muscular effort in performing the activities of daily living in older individuals [5] . Furthermore, the strength capability of the lower limb muscles is associated with cognitive function [6] , and the declines in these abilities lead to disabilities in older people [7] . Therefore, accurate measurement of leg SM in the middle-aged and older population is critical to assess their mobility in daily life.
At present, computerized tomography (CT), magnetic resonance imaging (MRI) and dual-energy X-ray absorptiometry (DXA) are widely used as reference methods for evaluating SM in vivo. However, these methods are impractical in field studies examining large populations. Brightness-mode (B-mode) ultrasonography has the same advantage as CT or MRI in visualizing fat and muscle tissues without compression and has been successfully used to evaluate muscle thickness (MT) in an older population [8] . In addition, the B-mode MT measurements are easily applicable in clinical and field surveys with no hazardous effects [9] , and the measured values can be significant predictors of limb muscle volume [10, 11] . These facts and findings support the applicability of B-mode MT measurements for assessing limb SM in a field survey examining a large sample. To the best of our knowledge, however, the only previous report to have examined the validity of the MT-based prediction equation in a sample including older people is that of Miyatani et al. [10] . In addition, their study examined only men and tested only knee extensor muscles. Thus, the applicability of MT measurement for predicting leg SM in older people remains questionable.
The current study aimed to clarify the applicability of ultrasound-based MT measurement for estimating leg bone-free lean tissue mass (LTM) in healthy Japanese middle-aged and older people. To this end, we determined leg LTM by DXA and assumed it to be a valid variable for assessing the leg SM on the basis of previous reports [12] [13] [14] . Miyatani et al. [11] indicated that ultrasound-based MT measurement was a good predictor of limb muscle volume when combined with limb length. Thus, we hypothesized that the product of MT with limb length should be a strong contributor for predicting the measured LTM.
Methods

Subjects
Forty-four women and 33 men, 52-to 78-years old, participated in this study. None of the subjects was or had been an athlete. Moreover, none was using walking sticks or other walking aids and all were functionally independent in daily life. In addition, no participants were on extreme diets or were using any major medications, such as chemotherapy, cardiac, respiratory, or antipsychotic drugs. A holdout sample validation method was used to develop and test the validity of the new equations. The sample in the current study (n = 77) was split randomly into a model-development group (30 women and 22 men) and a cross-validation group (14 women and 11 men) ( Table 1 ). According to a previous study [15] , the ratio of the model-development group to the cross-validation group in the number of the subjects was two to one. This study was approved by the Ethics Committee on Human Research of Waseda University and was consistent with their requirements for human experimentation. The subjects were fully informed of the purpose and risks of the experiment and gave their written informed consent.
Muscle thickness measurements
MTs at four sites (thigh anterior and posterior, lower leg anterior and posterior) on the right leg were determined using a real time B-mode ultrasound apparatus (SSD-900, Aloka Co., Tokyo, Japan). The measurement sites were precisely located and marked at the anterior and posterior surface in the middle of the thigh length (the distance from the greater trochanter of the femur to articular cleft between the femur and tibial condyles), and at the anterior and posterior surface in the proximal 30% of the lower leg length (the distance from the articular cleft to lateral malleolus). The length of the segment was determined using a measuring tape. The position of the subjects during the ultrasonographic measurements, the site selected for obtaining cross-sectional images, and determination of MT at each site were the same as those described in previous studies [8, 9] . MT at each of the four sites was multiplied by the length of the segment where MT was determined and summed up (MT SUM ×L).
Dual-energy X-ray absorptiometry measurements
A whole-body DXA scanner (Delphi A-QDR, Whole body; Hologic, Inc., Bedford, MA, USA) was used to determine fat mass, bone mineral content (BMC) and LTM. The radiation dose was 10 μSv. Lower limb image acquisition and analysis were obtained following the manufacturer's instructions. Fat mass, BMC and LTM were calculated using software provided by the manufacturer. A radiation technologist performed DXA measurement and data analysis.
Statistics
In the model-development group, a multiple regression analysis (stepwise) was applied to a set of independent variables which comprised age, sex, and MT SUM ×L to develop the prediction equation of DXA-based LTM. Sex was coded as a dummy variable: female = 0 and male = 1. The difference between the two variables (measured LTM -estimated LTM) was plotted against the mean values of LTM derived from the two methods to examine for systematic error, as described by Bland and Altman [16] . When the equation was validated, it was applied to the cross-validation group. The standard error of the estimate (SEE) was calculated to evaluate the accuracy of the estimate with the equation. The SEE was expressed as both an absolute value and relative to the mean of the measured LTM (%SEE). Descriptive data are presented as means ± SDs. A Student's paired t-test was used to test the significance of difference between the measured and estimated LTM. The probability level for statistical significance was set at P <0.05. All data analyses were conducted using a statistical software program (SPSS 19.0 for windows, IBM, Japan).
Results
Descriptive data for the MT and DXA measurements are summarized in Table 1 The estimated leg LTM (7.0 ± 1.7 kg) did not significantly differ from the measured leg LTM (7.0 ± 1.7 kg), without a significant systematic error in the Bland-Altman plot (Figure 2 ). The application of this equation for the cross-validation group did not produce a significant difference between the measured (7.2 ± 1.6 kg) or estimated Right leg FM, kg 1.8 ± 0.6 2.5 ± 0.6 2.0 ± 0.6 3.1 ± 0.7 LTM, kg 8.7 ± 1.2 5.8 ± 0.6 8.7 ± 0.9 6.0 ± 0.6
Values are means ± SDs; thigh length, distance between the lateral condyle of the femur and the greater trochanter; lower leg length, distance between the lateral malleous of the fibula and the lateral condyle of the tibia. BMC, bone mineral content; FM, fat mass; LTM, bone-free lean tissue mass;. MT, muscle thickness; %FM, the percentage of FM in the total mass. (7.2 ± 1.6 kg) leg LTM and systematic error (r = −0.012, non significant).
Discussion
The current results support the hypothesis set at the start of this study, and indicate that ultrasound MT measurements have a high potential for estimating leg SM in healthy Japanese middle-aged and older individuals. This study used DXA-based LTM as a variable representing leg SM. It has been shown that DXA-based appendicular SM models overestimate CT-based SM [17, 18] . Despite differences in model formulas, however, all are based on the common principle that most leg LTM is SM [14] . Indeed, leg LTM determined by DXA has been shown to be closely correlated to SM measured by CT [13] or MRI [14] . Furthermore, Kim et al. [12] observed a strong association between DXA-based appendicular LTM and MRI-based total SM. These facts and findings indicate that DXA-based LTM is applicable for SM assessment in vivo.
In the present study, we used ultrasonography to determine muscle thickness. The ultrasound-based muscle thickness measurements involve not only muscle but also non-contractile tissues such as intermuscular adipose and connective tissues. Intermuscular adipose tissue has been shown to be increased with aging [19] . Thus, there is a possibility that, for older individuals, the muscle thickness measurements might induce overestimation in lean tissue mass.
Besides ultrasonography, prediction equations with the measures of anthropometry [20] [21] [22] or bioelectrical impedance analysis (BIA) [23] [24] [25] [26] as independent variables have been developed to estimate lower extremity SM. In these equations, the %SEE ranged from 3.3% to 10%. Compared with these values, the %SEE obtained here, 4.3%, is in the lower rank. Among the previous studies cited above, the lowest %SEE values reported for each of the anthropometric and BIA approaches are 3.3% [20] and 3.6% [26] , respectively. These values were obtained from prediction equations derived from anthropometric measurements at multiple levels of limbs [20] or multiple BIA along the limb length [26] . With the ultrasound approach, increasing the number of levels for MT measurements will improve the accuracy of LTM estimation.
Abbreviations B-mode: Brightness-mode; BIA: Bioelectrical impedance analysis; CT: computerized tomography; DXA: dual-energy X-ray absorptiometry; LTM: bone-free lean tissue mass; MRI: magnetic resonance imaging; MT: muscle thickness; SEE: standard error of estimate; SM: skeletal muscle mass; MT SUM ×L: sum of products of MT with the length of segment where MT is determined; %SEE: SEE relative to the mean of the measured LTM.
